A group of hybrids with higher oil yield was selected from the comparative yield trials carried out in the EEA Pergamino, during seasons 2004-2005, 2005-2006 and 2006-07. The objective was to study the associations between seed yield, oil content, oil yield and climatic variables obtained from two methods: stepwise and principal component analysis. Both methods arrived at similar results confirming the associations between yield and climatic variables. Positive correlation between seed yield and thermal amplitude was obtained in sowing-flowering, as well as between oil yield and thermal amplitude in flowering-maturity. The seed yield was negatively correlated with the hours of sunlight (heliophany) and rainfall in sowing-flowering. The oil content was positively correlated with the hours of sunlight (heliophany) in flowering-maturity and with thermal amplitude in flowering maturity. As the variations of climatic variables have a substantial importance in determining yield, the selection of stable genotypes would be an important contribution to sunflower breeding.
INTRODUCTION
A hybrid yield is conditioned by its capacity to use efficiently the environmental variables in different phenophases.
The climatic variables contribute in an important way to the definition of the environment, this is the reason why the knowledge of the correlations between the climatic variables and yield could explain the results obtained in different years. Seiler (1983) informed that temperature, total solar energy and day length influenced the content and quality of sunflower oil. Magrin et al. (1998) reported that in the "niña" years (rainfall below to average in season June to December) there existed the probability to obtain high yield in sunflower. Chimenti et al. (2001) informed that constant air temperatures above 25°C during the whole period of grain filling decreased the final weight of grains.
De la Vega and Chapman (2000) found negative correlation between yield and rainfall from blooming to flowering time, while Anastasi et al. (2004) showed that the climatic conditions during the period of grain filling and maturity influenced sunflower yield. Rondanini et al. (2003) concluded that the application of constant grain temperatures above 34°C in different periods of grain filling for seven consecutive days, reduced the oil weight and content, being the early subphases the most sensitive to stress. Andrade et al. (2005) concluded that a period bracketing flowering has been found to be most critical for seed number and yield in sunflower. Fernandez-Moya et al. (2005) stated that long periods of high temperature during grain filling resulted in low oil content and poor seed quality.
The study of associations among variables is done with different methods; one of them is the path coefficient (Wright, 1921) , method from which "stepwise" developed.
This method allows the identification of possible explanations about the causes of the correlations observed between a variable response and a series of predictive variables.
Another method used is the analysis of the principal components represented in the biplot graphics. The observations and variables that make the interpretation possible are shown in a graphic with the analysis of the interdependence of metric variables and the best representation of data.
Both methods are considered to contribute in a different way and they also complement each other. The stepwise method analyses shows the predictive contribution of the different variables. The method of principal components developed through a multivariate analysis and a graphic representation in a biplot allows the visual appreciation of correlations between variables.
The objectives were to analyze the association between seed yield, percentage of oil content, oil yield and climatic variables obtained from two methods and to compare the results.
MATERIALS AND METHODS
Analyzed data was obtained from sunflower experiences in trials conducted at EEA Pergamino INTA (33º57' S, 60º34' W), Argentina. Data included information from 2004/05, 2005/06 and 2006/07. The site is located in the north of the humid pampas, on an Argiudol soil (typical of Pergamino). Climate is temperate, with an average annual rainfall of 973 mm. The statistical design of the trials was randomized complete block with 3 replications and plots of 3 rows of 6.0 m, row spacing of 0.7 m. The hybrids CF 29, DK3820, Paraíso 22 and SPS 3105 that did not have significant differences with the highest oil yield per hectare in at least two of the three seasons were analyzed.
Trials were conducted rainfed with conventional tillage. Fertilizers and agrochemical products were used depending on each particular case. Trials were planted according recommended period for that region.
The attributes analyzed were: plant height (cm), grain yield (kg ha -1 ), oil concentration (%) and oil yield (kg ha -1 ). Grain yield (11% moisture) was obtained from the harvest of the central row of each plot, removing the first and last plant (3.99 m 2 ). Oil concentration was determined by nuclear magnetic resonance (Granlund and Zimmerman, 1975) . Oil yield was obtained from grain yield and oil concentration. The physiological maturity was estimated by the change in color of the tips of the bracts yellowish green to brown, at that time the receptacle has an intense yellow color.
The climatic variables analyzed were PAS: rainfall of the month prior to sowing (mm), PSF: rainfall from sowing to flowering (mm), TMSF: maximum temperature PAS: rainfall of the month prior to sowing (mm), PSF: rainfall from sowing to flowering (mm), TMSF: maximum temperature from sowing to flowering (°C), TMiSF minimum temperature from sowing to flowering (°C), ASF: temperature range from sowing to flowering (°C), HSF: heliophany from sowing to flowering (hs), PFM: rainfall from flowering to maturity (mm),TMFM: maximum temperature from flowering to maturity (°C)TMiFM minimum temperature from flowering to maturity (°C), AFM: temperature range from flowering to maturity (°C), HFM: heliophany from flowering to maturity (hs) from sowing to flowering (°C), TMiSF minimum temperature from sowing to flowering (°C), ASF: temperature range from sowing to flowering (°C), HSF: heliophany from sowing to flowering (hs), PFM: rainfall from flowering to maturity (mm), MFT: maximum temperature from flowering to maturity (°C)TMiFM minimum temperature from flowering to maturity (°C), AFM: temperature range from flowering to maturity (°C ), HFM: heliophany from flowering to maturity (hs).
The stepwise method and principal components analysis (regression analysis) were used to determine which variables associated significantly with seed yield, oil content and oil yield.
The principal components (PCs) of the squares of Euclideas distances were estimated using a procedure of singular value decomposition (Gabriel, 1971) The standardization of variables was performed considering a mean equal to zero and an absolute mean deviation equal to one. The biplot of the two first PCs was completed with the results of this analysis.
RESULTS AND DISCUSSION
Paraíso 22 hybrid was short cycle in sowing-flowering and in flowering-maturity, and hybrids CF 29 and DK 3820 were long cycle to flowering ( Table 2 ).
The 2004-05 season was the season with the most oil content and the widest thermal amplitude from flowering to maturity (Table 3) . Stepwise method analysis The analysis of the described variables with the method stepwise (Table 4) had the following results. The seed yield was negatively correlated with rainfall and with heliophany in sowingflowering. The oil content was positively correlated with thermal amplitude in flowering-maturity. The oil yield was negatively correlated with rainfall and heliophany in sowing-flowering, and positively with thermal amplitude in flowering-maturity. No significant correlation was found among the other variables analyzed.
Analysis of principal components
The correlations between variables and seasons observed in the biplot indicate three differentiated environments: 2004-05, 2005-06 and 2006-07. The year component had a relevant incidence in the determination of yield and oil content. Consequently, the number of years for evaluation should be increased to adjust the hybrid performance with more precision.
In the analysis of the principal components, positive correlation was obtained between seed yield and thermal amplitude in phenopase flowering-maturity. The seed yield was negatively correlated with heliophany and rainfall in sowing-flower- ing; coinciding with the results of the stepwise analysis. The oil content was positively correlated with heliophany and with thermal amplitude in floweringmaturity; coinciding with the results obtained with the stepwise method.
In the analysis of the principal components, positive correlation was obtained between seed yield and thermal amplitude in phenopase flowering-maturity. The seed yield was negatively correlated with heliophany and rainfall in sowing-flowering; coinciding with the results of the stepwise analysis. The oil content was positively correlated with heliophany and with thermal amplitude in floweringmaturity; coinciding with the results obtained with the stepwise method.
The positive association between oil content and thermal amplitude coincided with Rondanini et al. (2003) who conclude that the application of constant temperatures in different periods of grain filling reduced the weight and the oil content, and with Fernandez-Moya et al. (2005) who informed about the low oil content in long periods of high temperatures.
The negative association between seed yield and rainfall in the phenophase sowing-flowering coincided with what was found de la Vega and Chapman (2000) who obtained negative correlation between yield and rainfall in blooming and flowering stages. This result was also related to what was informed by Magrin et al. (1998) , who stated that rainfall superior to average reduced sunflower yield.
Both methods obtained similar results in the associations between yield and climatic variables. Therefore, thermal amplitude sowing-flowering (ASF) and flowering-maturity (AFM) would be the variables which could explain to a great extent the climatic variation of the environmental component involved in the determination of yield.
Taking into account that the hybrids analyzed reached the highest yield in the seasons studied, it can be inferred that such variables tend to maximize the potential yield. Besides the hybrids evaluated would be the hybrids that take advantage of the climatic conditions in different seasons.
As the variations of climatic variables have a substantial importance in determining yield, the selection of stable genotypes would be an important contribution to sunflower breeding.
